Yuccas (Yucca, Agavaceae) are an easily recognizable constituent of the vegetation of the International Four Corners; an area made up of portions of Arizona, New Mexico, Sonora and Chihuahua. We recognize three species as native to the region, Yucca baccata, Y. elata and Y. madrensis, together with interspecific hybrids, and document for the first time naturally occurring intersectional hybridization between baccate-fruited (sect. Yucca) and capsular-fruited (sect. Chaenocarpa) species. We examine the reproductive barriers to hybridization operating within the genus, i.e., spatial, temporal and ethological, and we consider circumstances that may have been responsible for the production and widespread distribution of hybrids in the Il-C. These include establishment of syrnpatry, pollinator biology, founding hybrids and human activities. We also reflect on the present situation regarding sexual reproduction in species of Yucca in the Southwest.
INTRODUCTION AND PHYSICAL SETTING
The International Four Corners (lFC) includes southeastern Arizona, southwestern New Mexico, northwestern Chihuahua and northeastern Sonora ( Fig.  1) . It is part of what the early Jesuits called Pimeria alta (Bolton 1919) . It is also a part of a larger region known as the Madrean Archipelago, a group of isolated fault-block ranges located between the Sierra Madre Occidental of western Mexico and the Rocky Mountains. The yuccas of the IFC have created problems for taxonomists in the past and earlier workers (McKelvey 1938; Kearney and Peebles 1960; Webber 1953; Gentry 1972; Benson and Darrow 1981; Hess and Robbins, [submitted] ), have dealt with them in a variety of ways. Our account is based upon field, herbarium, and experimental garden studies conducted over a period of five years.
TAXONOMY

Foreword
Within the IFC we accept three species of Yucca: Y. baccata Torr. and Y. madrensis Gentry (Y. schottii. auct., non Engelm.) , both members of section Yucca (sect. Sarocarpa Engelm.), and Y. elata Engelm., a member of section Chaenocarpa Engelm. (Fig, 1) , The first two possess baccate fruits, the last, dehiscent capsules. The three species are not closely related (McKelvey 1938 (McKelvey , 1947 Matuda and Pifia Lujan 1980; Clary 1997) . We also recognize interspecific hybrids, and present the first account of naturally occurring intersectional hybrids within the genus. Due to phenotypic plasticity intrinsic to the genus, together with interspecific hybridization, it is difficult to precisely circumscribe taxa morphologically. Earlier students have recognized this problem (Sargent 1890; Trelease 1902; McKelvey 1938; 1947; Webber 1953; Clary 1997) . Members of the genus may have independently evolved identical morphological features making it difficult to differentiate synapomorphic from homoplastic characters (Clary 1997 Chihuahuan Desert correctly identified Y. baccata 100% of the time. In the yuccas of the IFC, the nature of fruit is highly significant; each has a distinctive and characteristic form (Fig . 2) . In baccate-fruited yuccas, the occurrence of irregularly shaped fruits is of no taxonomic significance. It is the result of damage to the ovary caused by the Yucca moth's ovipositor (Powell 1984) . The fruits of Y. madrensis often have a median constriction. This is the result of the moth probing the ovary as many as seven times as she moves around selecting a site to deposit an egg. This leaves a ring of damaged tissue that later appears on the fruit as a 'waist' (Fig. 3) .
Infrequently gathered, Yuccas are not suitable for standard herbarium studies; many collections consist of a few dried flowers and a portion of a leaf and are of little or no taxonomic value. Yuccas are better understood through herbarium studies supported by fieldwork, photographic documentation, experimental garden plantings, and molecular analysis. In the three lFC species the overall impression of the plant is significant, that is, size, form, branching, and leaf presentation . The presence or absence of pubescence on branches of the inflorescence, although widely used in taxonomic treatments, has no value, as both conditions may be present within a single population. In this study, numbers Y-500+ refer to 35-mm photographic slides deposited in Special Collections in the herbarium at the Rancho Santa Ana Botanic Garden (RSA).
Due to our inadequate knowledge of the genus as a whole, we are not recognizing infraspecific taxa at this time. We apply the specific names, baccata, elata and madrensis to plants that would be taxonomically identified as such. We do not address the issue of their genetic constitution. It has been shown by molecular methods that individuals that taxonomically would be identified as Y. baccata may contain genetic material from a second species (Y. schidigera Roezl ex Ortgies), the presence of which was not detectable morphologically (Hanson 1993; Hanson and Riesberg, unpub .) . (Matuda and Pifia Lujan 1980) , Coahuila and Sonora (Espejo-Serna and Lopez-Ferrari 1992) (Fig. I) . This is essentially the distribution of the pinyon-juniper woodland during the late Wisconsin glaciation (Van Devender and Spaulding 1979) . In addition to its occurrence in pinyon-juniper woodland, it is now established in many other communities, even occasionally in creosote bush scrub in the Sonoran Desert (Turner et al. 1995 rarely is found on thin soils (Wallen and Ludwig 1978) and it favors open, sunny sites and is not deep-shade tolerant (Bennett et al. 1996) . Depending on precipitation, three years may be required to build up stored energy to the level required for the costly reproductive effort (Wallen and Ludwig 1978) . Flowering may take place as early as March or as late as October. Mature fruits are produced in approximately ten weeks (Turner et al. 1995) . Although inflorescences may be multiflowered, the number of fruits reaching maturity is often small; in one study the number was 3.2-5.6 per inflorescence (Wallen and Ludwig 1978) . In one survey of 1358 rosettes only 7.7% produced inflorescences, with 6% bearing fruits (Wallen and Ludwig 1978 (Matuda and Pifia Lujan 1980; Spellenberg et al. 1996; Martin et al. 1998 ) (as Y. schottii) (Fig. 1) . The densest populations in Chihuahua are in Mpio. Guerrero (Matuda and Pifia Lujan 1980) . In Mexico it is a member of the pine-oak forest (Gentry 1972) (Fig. 1) . The species is found at elevations of -450-1800 m on dry plains and mesas, commonly in desert grasslands, savanna, or in desert scrub, and it may occupy disturbed land (Campbell and Keller 1932; Bennett et al. 1996) . Flowering normally takes place in April and May. Although encountered on all types of soil, including gypsum, the species favors deep, sandy soils. It possesses a vertical rhizome (Simpson 1975 ) that develops slowly ·throughout the plant's life. The rhizome permits plants to reach deep water and to adjust to changing soil levels (Campbell and Keller 1932) . Yucca elata is primarily a member of the Chihuahuan and Apachian floristic provinces. but occasionally occurs in the Sonoran province. 
Accepted
Naturally Occurring Hybrids
Plants combining species-specific morphological characters of Yucca baccata, Y. elata, and Y. madrensis are widespread in the IFC. Here we accept Y. Xschottii Engelm. pro. sp. as a collective epithet that includes all recognizable hybrids and backcrosses among the three species (Lenz and Hanson 2000) (Fig.  4) . A collective name is sanctioned by the International Code of Botanical Nomenclature (Article H. 3.1) "hybrids between representatives of two or more taxa may receive a name" (Greuter et al. 1994 ). McKelvey (1938 was aware of the presence of hybrids in Arizona when she wrote, "for, in a small area--comparatively-grow four species [of Series Baccatae] each of which ... is extremely variable (in large part because of the facility which crossing occurs within its own membership)." Later Webber (1953) In the discussion of hybrids that follows it is impossible to identity the species that functioned as female (<;» or as male (d') parent. We follow the recommendation of the International Code of Botanical Nomenclature (H.2A.l) (Greuter et al. 1994 ) and list the presumed parental species in alphabetical order. The term hybrid has been used in various ways (see Arnold 1997 for a review). We use it in a limited sense, "in taxonomy, often restricted to the offspring of interspecific crosses" (Lincoln et al. 1998 ), but broaden it to include members of later generations that are morphologically distinct from the parental species. Further, we are concerned only with natural hybrids, that is, matings that occur in a natural setting. Inasmuch as the plants are not the result of controlled pollinations, or their hybrid nature established through the use of molecular markers, or by other means, they should correctly be referred to as presumed or putative hybrids . However, for practical reasons, the term presumed (or putative) will be understood but not repeated. In the following discussion of interspecific hybrids all are considered a part of Yucca '<schouii, sensu lata.
Yucca elata X Y. madrensis A plant growing on private property in dense desert scrub on an alluvial fan in San Simon Valley (Arizona: Cochise Co.) (Fig . 5) immediately draws attention. This in view of the fact that it combines morphological features of the two species growing in the area, Y. elata and Y. madrensis. Hereafter it will be referred to as Leni; 9613 (Fig ,S) , Y-502, 524, 527, 528). Originally thought to be a single plant surrounded by numerous younger plants, it was discovered, after an intense windstorm, that it was what others have described as a 'yucca ring' (Simpson 1975; Vasek 1995) . In this instance a circle, about seven meters in diarn-, .f.v . A stalk produced in 2000 was somewhat shorter than the one produced in 1996. The small flowers, -35 mm long, were mostly globular and cream-colored , In 1996 the plant produced nine relatively small (-8 ern long), pendent, fleshy, nondehiscent fruits, that on aging became black and exceptionally hard, and were still on the plant in late December at which time they were harvested (Lenz prop. nos . 9613 1-9). The waferlike . . Plant number 
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Fi g. 6 . Leaf width mea sur ement for each plant in eight population s grow n from ind ividua l fruits harvested in 1996 from hybr id 9613. Se e text for explanation.
seeds, more resembling tho se typi cal of Y. elata than Y. madrensis, were germinated and 114 seedlings are growing in the experimental garde n at RSABG, Claremont , California. At the age of thr ee yea rs, leaf widths were determined for each plant in six populations in the RSABG e xperiment al ga rden, (9613 4-9) each grow n from the se para te fruits har vested from 961 3. Seeds from fruit s 9613 1-3 we re co mbi ned and are not included (Fig. 6) Located some distance from the above site, also on private land, is a classic example of Edgar Anderson's (1948) "hybridization of the habitat" (Fig. 7) . Originally grassland, and later desert scrub the area was later cleared of all shrubs most likely by backhoeing (David Jasper, pers. comrn.). In doing so the soil was disturbed leaving small mounds and depressions still visible today, thereby creating a variety of new open habitats available for colonization. It is unknown if the area was fenced before or after clearing. Today the vegetation within the fenced area differs markedly from that of the surrounding region. There are a few creosote bushes (Larrea divaricata) rare in the area, a few mesquite bushes (Prosopis sp .), a single juniper (Juniperus deppeana Steud .) also rare in the area, together with Opuntia sp . and annual herbs not generally found in desert scrub. There is also what appears to be mature, same-age plants, that are presumed to be F 2 hybrids derived from 9613. Two plants in the fenced area are notable. The first (9750) is~2 m tall, branched from the base with broad green leaves that in 1997 produced a large inflorescence on a short stalk with numerous, large, oblong, pendent fruits, as in Y. madrensis, but persistent, dry and dehiscent as in Y. elata (Fig. 8, Y-505 (H umphrey 1987) and the latter is frequent at lower elevations in grassland and savanna. In a review of misconceptions concerning hybrids, Riesberg (1995) pointed out that in an analysis of 46 studies involving interspecific hybrids, it was disclosed that over 10% of the morphological characters present in the primary hybrids were 'extreme' or 'novel' and not present in the parental species. In later generations the percentage increased to over 30%. We believe that it was from this area, and from among such hybrids, that Arthur Schott or an assistant, made the collection that was later designated Yucca schotti by Engelmann (Lenz and Hanson 2000) .
Specimens identified as Yucca baccata X Y. aff. elata hybrids have been reported from Coconino Co. Arizona, (Brian et al. 1999 ).
DISCUSSION
In the preceding sections, we have shown that interspecific hybridization has taken place among the species of Yucca of the IFC. A morphological study of individual populations grown from seeds from nine fruits collected from a single plant argues for the existence in the IFC of hybrids that incorporate genetic material of two, or all three, of the species of Yucca native in the area. It has yet to be determined whether introgression (as defined by Riesberg and Wendel 1993) has taken place. Here we consider conditions that may have favored the establishment of hybrid populations. They are the establishment of sympatry, pollination biology, founding hybrids and human activities.
Establishment of Sympatry
We maintain that the three species of Yucca native to the !FC were originally allopatric and reproductively isolated: Y. baccata in the pinyon-juniper woodland, Y. madrensis in the Madrean evergreen woodland, and Y. elata in desert grassland. Over time, southwestern plant communities have expanded or contracted in response to climatic changes (Van Devender, and Spaulding 1979; Van Devender et al. 1987; Betancourt 1990; Cole 1990) . Plant species respond individually to climate change (Gleason 1939; Cole 1985; Van Devender et al. 1987; Schoonmaker and Foster 1991) . One way species may respond to climatic change is through persistence, for the most part by asexual reproduction (cloning) (Thompson 1988) . Yuccas are inherently long-lived (Hollick 1932; Webber 1953 ; Lapre 1979; Vasek 1995) , persistent and capable of tolerating unfavorable climatic conditions, and many (all?) are capable of regenerating from underground parts (Webber 1953) . In discussing the age of Y. schidigera in the Santa Rosa Mountains (Riverside Co. , California), Lapre (1979) estimated that about one-half of the clones in a one hectare plot were not less than 500 years old . In the Mojave Desert one Y. schidigera ring (clone) -10 m in diameter was estimated by Vasek (1995) to be~2500 years old. Simpson (1975) reported that a single Joshua tree (Y. brevifolia) [clone] growing near Gorman (Los Angeles Co.), California, covered a circular area of about one acre (4051 sq. m). In accord with Webber's (1953) estimate, Gentry (1972) placed the possible age of yuccas in the thousand-year-old range.
It has generally been accepted that changes in climate, and vegetation, take place gradually over a timespan of centuries or millennia. Evidence is mounting that the past few million years have been punctuated by many significant climatic shifts (see Adams et al. 1999 for a review). Present evidence indicates that these changes have taken place in sudden jumps rather than incrementally. The rapid warming at the end of the Pleistocene is thought to have come about within a matter of decades (Taylor et al. 1993; Dansgaard et al. 1993; Steig et al. 1998; Adams et al. 1999) . By means of cloning, and with major climatic shifts occurring over short intervals, an exceptional yucca plant (or clone) might linger long after the climate and vegetation had changed, a straggler from an earlier time in an altered environment and in a another plant community. This would be especially likely in a region of great topographic and substrate diversity. It is conceivable that in this way sympatry of the three species of Yucca in the IFC was achieved.
Pollination Biology
Each of the three species of yucca native to the IFC has its own specific pollinating moth, members of the genus Tegeticula (Lepidoptera: Prodoxidae). (Grant 1949) . By examining the condition of the mature fruit and determining the number of seeds produced, it is possible to identify the pollinator: Tegeticula moths destroy numerous developing seeds whereas Parategeticula larvae destroy only two or three seeds (Powell 1984) . Evidence from seed production on 9613 reveals that both Tegeticula and Parategeticula effectively pollinate hybrids between Y. elata and Y. madrensis. Theoretically, to maximize a plant's potential for sexual reproduction it would be to the plant's benefit for its flowers to be pollinated by Parategeticula rather then Tegeticula.
In a region where Y. baccata and Y. schidigera are sympatric, Leebens-Mack et al. (1998) found that in a collection of 281 moths all but one had been found on the 'correct' host; that is T. baccatella on Y. baccata, and T. mojavella Pellmyr on Y. schidigera. These authors concluded that this was evidence of a high degree of maintained specificity by the moths. Nevertheless, they acknowledged that morphological intermediates [hybrids] between the two species of Yucca were evidence of occasional host substitution; however; they considered it a rare event. Miles (1983) reported hybrids between Y. baccata and Y. torreyi Shafer, and she concluded that the pollinating moths usually maintained host specificity; however, they did exploit alternate hosts if the preferred host was unavailable. She also reported that in New Mexico where Yucca baccata, Y. torreyi and Y. elata were syrnpatric, that flowering dates of Y. baccata and Y. elata were a month apart, and she concluded that temporal isolation constituted the principal barrier for reproductive separation of the two species. LeebensMack et al. (1998) predicted that the ability of moths to include multiple hosts in their 'diet' might be determined less by spatial than by temporal barriers. Personal observations (LWL unpub.) as well as herbarium records clearly reveal that time of flowering of yuccas is highly variable and off-season blooms are not uncommon. In southeastern Arizona following the dry winter of 1998-1999, few Y. elata plants flowered during the spring of 1999; however following the summer monsoon rains there was sporadic flowering between July and October, (David Jasper and LWL, pers. obs.) . In the Chiricahuas in July, 2000, plants of Y. madrensis were observed with both flowers and full-sized fruits on the same plant (Lenz, pers. obs.) (Y-523) . Unfortunately, as vital as it is to the yucca/yucca moth story, the distance that moths may fly between plants is unknown (Leebens-Mack et al. 1998; Marr et al. 2000; Pellmyr, pers. comm.) .
Founding Hybrids
During five years of investigation, we have encountered a single plant that we can confidently, on a morphological basis, regard as a first generation (F 1) hybrid (9613). Based on analyses of natural and experimental populations of both plants and animals, Arnold (1997: 149-150) concluded that, although under controlled conditions F 1 hybrids might easily be produced, under natural conditions they are relatively difficult to form. According to Arnold, numerous reproductive processes may be responsible for the scarcity of F 1 hybrids. In three interbreeding species of Louisiana irises studied, he concluded that differences in phenology, interspecific pollen competition and extrinsic selection represented a genetic bottleneck. However, once rare F 1 individuals are formed and established, natural hybridization is accelerated. This was based on the prediction that the frequency of formation of F 2 and B 1 individuals should be significantly greater than the formation of F 1 hybrid individuals in a mixed population of two taxa. According to Arnold extreme, genetic bottlenecks, that is barriers to the formation of F1s, and the subsequent relaxation of the barriers to hybridization in later generations might, for many plant and animal species, be a general rule rather than an exception. Within the genus Yucca, no internal barriers to hybridization have been documented although their presence can not be ruled out (Webber 1953 (Webber , 1960 Lenz 1998) . In the three species in the IFC, we believe that spatial, temporal and ethological barriers limit the formation of F 1 individuals. On exceptional occasions when the three reproductive barriers are simultaneously surmounted, hybridization becomes a possibility. The resulting infrequent F 1 hybrids might be termed Founding Hybrids.
Human Activities
Prehistoric.-In a region not noted for its wealth of food plants, the large sugar-rich fruits of Y. baccata were without a doubt utilized by the earliest humans to enter the Southwest. Archeological evidence verifies the fact that Y. baccata was one of the three most important nondomesticated food items found at the Basketmaker II site in the Turkey Pen rockshelter [Utah] (Lepofsky 1986 ) and dated 150 B.C. to A.D. 50 (Matson 1991) . In our investigations the most abundant, as well as the most conspicuous hybrids (Y. arizonica of authors) were encountered in the general vicinity of Nogales, Arizona, where they are common to abundant even on undeveloped land within the city. Until McKelvey's investigations there had been no mention of an extension of the range of Y. arizonica beyond the Nogales region and the Sierra Pajarito (McKelvey 1938: 57) .
EI Macayo, a prehistoric site located in the Santa Cruz River Valley near present-day Nogales, Arizona, was occupied for six centuries between A.D. 550-1150 by people considered to have been both foragers and agriculturists (Deaver and Van West, in press) . As foragers , they undoubtedly collected yucca fruits and, as agriculturists, they would have recognized the connection between seeds and a valuable item for consumption. What role the people of EI Macayo may have played, intentionally or unintentionally, in the early history of the yuccas of the Santa Cruz Valley is unknown. It is reasonable to assume that over a period of 600 years there may have been a link between the people and an important native food item.
Historic.-Extensive changes have taken place in the vegetation of the Southwest within historic times, in part due to human activities (see Bahre 1991 for a comprehensive review). The major impact during the Spanish-Mexican occupation (A. D. 1536-1854) was the introduction of large-scale cattle ranching in what are now southern Arizona and adjacent Chihuahua and Sonora (Wagoner 1952) . At one time Rancho Bernardo is reported to have had 100,000 cattle, 10,000 horses and 5000 mules (Haskett 1935) . With the Apache uprising between 1822 and 1872 many of the ranches were abandoned and livestock scattered, multiplied and roamed over the region even into the highest mountains "as wild and more fierce than buffalo" (Bartlett 1854) . The greatest environmental change in the Southwest however came after 1870 with major Anglo-American se ttle me nt and economic development. In 189 I, there were estimated to be 400,000 head of cattle in southeastern Arizona (He ndrickson and Min ckley 1984). Between 1893 and 1934 when the Taylor Grazing Act was enacted, almost the entire region was continuously overstocked and overgrazed (Bahre 1991) .
Many animals, including coyotes, gray fox, black bear, raccoons, coati, ringtail, peccary and deer are known to consume Yucca fruits (Hoffmeister 1986). There is no confirmed evidence that livestock distribute the seeds of the fleshy-fruited yuccas. It is reasonable to assume, however, that at times livestock would have consumed the fleshy fruits of both Y. baccata and Y. madrensis, and at least a few seeds would have passed intact through the animal's digestive system. During historic times livestock may also have played a role in changing the geographical ranges of the yuccas, a supposition also reached by Clary (1997 (Lenz and Hanson 2000) . If cattle (and other livestock) were responsible for conditions that permitted hybridization to have taken place prior to 1853, it would have been as the result of cattle ranching of the Spanish and Mexican periods. On the other hand, it may have been due to naturally occurring events: sympatry through changing environment and the breakdown of the three external barriers to hybridization previously considered.
CONCLUSIONS
We believe that the present Yucca situation in the lFC is the result of three fortuitous events. Through natural environmental changes, or through anthropogenic intervention, or both, three formerly allopatric species of Yucca became sympatric. Because of occasional overlapping of flowering periods, together with rare or infrequent heterospecific pollinations by yucca moths, interspecific hybrids have been produced . It has been theorized that under natural conditions the production of F 1 hybrid s may be rare occurrences. However, a few hybrids produced over decades or centuries, by back crossing to parental species could in time lead to the establishment of widespread hybrid populations, and possibly, introgression (as defined by Riesberg and Wendel 1993 ) . The probability of plants with novel genotypes becoming established in the IFC has been enhanced as a result of human activities in the Southwest, possibly over the past 12,000 years, certainly during the past 450 years. We further extend our conclusions and argue that the major reproductive barriers to gene flow among species of Yucca are spatial, temporal, and ethological isolation . With a collapse of these barriers, hybridization has taken place among the members of the genus, not only in recent times, but also in all probability in the past as well. The chance for the successful establishment of resulting hybrids has been enhanced as a result of new or unique environments having been created through changing climatic conditions and due to human activities.
ADDENDUM
Sexual reproduction.-During our investig ation of the yuccas of the IFC we have been impressed by the apparent absence or scarcity of seedlings or juvenile plants over much of the area. Other observers have commented on the rarity or absence of seedlings in other regions, Webber (1953) Lapre (1979) reported that a careful search revealed no seedlings anywhere, and he concluded that there had been no seedlings for the past 40 to 50 years. In a study of Y. brevifolia in the Mojave Desert, Comanor and Clark (2000) reported that over a period of 20 years they had found only two germinated seedlings neither of which survived . In an investigation of Y. elata in New Mexico, Campbell and Keller (1932) reported that reproduction by seed was limited. In their study plots over a 17-year period, they observed only 10 seedlings. Field studies in central Baja California have revealed no seedlings or young plants of Y. valida Engelm. (pers. obs. LWL) . An explanation for the absence or rarity of sexual reproduction in the Southwest may be at least in part due to the fact that at lower elevations, environmental conditions necessary for successful germination and establishment of Yucca seedlings have not existed, or been marginal, for an extended period. Webber (1953) reported that at lower elevations in the Mojave Desert where precipitation was meager there were few seedlings of Y. brevifolia, whereas in the higher mountain areas where rainfall was greater seedlings of Y. brevifolia were prevalent. Though we have found very few seedlings or juvenile plants of Yucca madrensis at lower elevations in the Chiricahuas, at elevations of~1700-2400 m where precipitation is from 508 to 635 mm the species is reproducing sexually as evidenced by vigorous mixedage populations. However, other factors may limit sexual reproduction. These include predation of young seedlings by rodents and rabbits. According to Webber (1953) at higher elevations with greater rainfall and consequently better forage conditions, there is rarely evidence of rodent damage to young seedlings. In many parts of the Southwest grazing by sheep, cattle and goats has been particularly detrimental to yucca seedlings (Webber 1953) . ACKNOWLEDGMENTS I (LWL) would like to dedicate this contribution to the memory of Edgar Anderson, counselor and friend who first revealed to a young graduate student fresh new ways of studying plants. We wish to express our particular thanks to David Jasper. His wide experience in the Southwest, together with his extensive knowledge of the natural history of the area has been for us most helpful. During the course of this study many have contributed in various way to our study. We wish to thank Steve Boyd, Travis Columbus, Patrick Griffith, James Henrickson, David Jasper and Scott Zona who read earlier versions of the work and made valuable suggestions for its improvement. We wish to thank the curators at AZ, MO, NY and US for the loan of specimens held by their institutions and Richard Spellenberg for the loan of material held at New Mexico State University. We wish to express our sincere appreciation to the unnamed ranchers and landowners who permitted us to study plants on their property. We express our appreciation to Marianne Wallace for the drawings. Finally we wish to thank our editor, Richard Benjamin, for his patience and help.
